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Summary
Objective: To cross-culturally adapt and validate Singapore English and Chinese versions of the Knee injury and Osteoarthritis Outcome
Score (KOOS) in patients with knee osteoarthritis (OA) in Singapore.
Methods: Singapore English and Chinese versions were cross-culturally adapted from the source English KOOS following standard guidelines
(including cognitive debrieﬁng). Patients were asked to complete identical questionnaires containing the KOOS, Short Form 36 Health Survey,
and EQ-5D twice within 6 days. Reliability was assessed using Cronbach’s alpha and intraclass correlation coefﬁcients (ICC), dimensionality
using item-to-domain correlations and convergent and divergent construct validity using 14 and 13 a priori hypotheses, respectively.
Results: Singapore English and Chinese KOOS versions were well accepted by patients in pilot testing and were therefore administered to
a consecutive sample of 127 English and 131 Chinese-speaking Singaporeans with knee OA. Cronbach’s alpha exceeded 0.7 for all domains
except for Chinese pain and symptoms domains. ICC exceeded 0.7 for all domains except for English sport and recreation and Chinese knee-
related QoL domains. Hypothesized item-to-domain correlations (Spearman’s r 0.4) were observed for 38 items in English and 29 in
Chinese versions. Convergent construct validity was supported by the presence of hypothesized moderate/strong correlations
(r¼ 0.37e0.65) for 13 and 11 a priori hypotheses in the English and Chinese KOOS, respectively. Divergent construct validity was supported
by the presence of weak correlations (r¼ 0.02e0.34) for 12 and 11 a priori hypotheses in the English and Chinese KOOS, respectively.
Conclusion: The Singapore English and Chinese KOOS were well accepted and demonstrated acceptable reliability and validity in Asian
patients with knee OA in Singapore.
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Knee osteoarthritis (OA) is one of the commonest forms of
OA in the world. Pain and physical disability, the two main
symptoms of knee OA, have a signiﬁcant impact on
health-related quality of life (HRQoL) of patients1. The
Knee injury and Osteoarthritis Outcome Score (KOOS),
a disease-speciﬁc HRQoL instrument for knee OA, is an ex-
tension of the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) and is designed to assess
HRQoL in younger and/or more active patients with knee in-
juries and knee OA2. Currently, validated versions have
been published for use in Sweden, Germany, and the
United States2e4.098
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a given illness, this instrument should measure domains
and items of health which are important to patients with
this illness. These domains and items of importance may
differ in various socio-cultural contexts. It has recently
been shown that the KOOS assesses many domains and
items of importance for patients with OA in several socio-
cultural contexts5, including that of Asian patients (i.e., Chi-
nese, Malays and Indians) with OA in Singapore6. Given
this, we aimed to cross-culturally adapt and validate Singa-
pore English and Chinese versions of the KOOS in a multi-
ethnic sample of Asian patients with knee OA in Singapore.
The validation of these two versions of the KOOS provides
a necessary foundation for their use among Chinese, Ma-
lay, and Indian subjects with OA in Singapore, and would
support the need for further studies to prove the utility of
the KOOS in other Asian socio-cultural contexts and
languages.
Method
CROSS-CULTURAL ADAPTATION
Singapore English and Chinese versions of the KOOS
were culturally adapted from the source English version (ver-
sion LK 1.0) following cross-cultural translation and adapta-
tion guidelines recommended by Guillemin et al.7 and with
input from the developer. Brieﬂy, two bilingual translators pro-
ﬁcient in English and Chinese independently translated the
source English version into Chinese and then developed
a reconciled version, which was back translated into English
by another two independent bilingual translators, with further
reﬁnements based on the feedback from back translation
resulting in the consensus Singapore Chinese version.
These versions were used in cognitive debrieﬁng interviews
with ﬁve English and ﬁve Chinese-speaking subjects with
kneeOA, respectively. Both versionswere ﬁnalized after taking
into account the suggestions from subjects and the KOOS
developer, and were pilot-tested among 10 English and
Chinese-speaking subjects, respectively.
VALIDATION STUDY
Data collection
In this Institution Review Board (IRB) approved study,
a consecutive sample of subjects with knee OA scheduled
for total knee replacement (TKR) was recruited from the De-
partment of Orthopaedic Surgery at Singapore General
Hospital, a tertiary referral hospital in Singapore, from Au-
gust to December 2005. All subjects were diagnosed with
knee OA by their attending orthopedic surgeon, based on
clinical and radiographic features. Each subject was inter-
viewed by a trained interviewer in either English or Chinese
using identical, pretested questionnaires containing the
KOOS, Short Form 36 Health Survey (SF-36), and EQ-5D
and assessing socio-demographic data and chronic medi-
cal conditions. To assess testeretest reliability, the KOOS
was administered a second time through a telephone inter-
view after an interval of 6 days.
Instruments
The KOOS, a 42-item disease-speciﬁc HRQoL instru-
ment, consists of ﬁve domains, namely, pain, symptoms,
activities of daily living (ADL), sport and recreation function,
and knee-related quality of life (QoL). It includes theWOMAC (version LK 3.0) in its complete and original
format. The KOOS adopts a ﬁve-point Likert scale scoring
system (ranging from 0 (least severe) to 4 (most severe)).
A normalized score is calculated for each domain with
100 indicating no symptoms and functional impairment
and 0 indicating extreme symptoms and functional impair-
ment. The KOOS users’ guide, including score calculation,
can be downloaded from the Internet8.
The SF-36 is a widely used generic HRQoL instrument
containing 36 items which measure perceived health in
eight domains, namely, physical functioning (PF), role-
physical (RP), bodily pain (BP), general health (GH), vitality
(VT), social functioning (SF), role-emotional (RE), and men-
tal health (MH), with higher scores (range, 0e100) reﬂecting
better perceived health9. English and Chinese versions of
the SF-36 have been validated for use in Singapore10.
The EQ-5D self-report questionnaire (EQ-5D) measures
HRQoL on the day of administration using a self-classiﬁer
and a visual analogue scale (EQ-VAS). The self-classiﬁer
consists of a ﬁve-item descriptive system and assesses
health status in the domains of mobility, self-care, usual ac-
tivities, pain/discomfort, and anxiety/depression, which pro-
duces a utility index based on responses to the classiﬁer11.
The EQ-VAS is a vertical, graduated (0e100 points) 20 cm
‘thermometer’ with 100 representing ‘‘best imaginable
health state’’ and 0 representing ‘‘worst imaginable health
state’’. Again, English and Chinese versions of EQ-5D
have been validated for use in Singapore12,13.
Assessment of psychometric properties
Data were entered into a Microsoft Excel spreadsheet
(Microsoft Corporation, Redmond, WA) and analyzed using
SPSS 13.0 (SPSS Inc., Chicago, IL). In order to allow com-
parisons with previous work, assessment of psychometric
properties of the Singapore English and Chinese KOOS
generally followed the same approach used in the two orig-
inal KOOS validation studies3,14, especially that in subjects
undergoing total knee replacement surgery14, as a similar
population was used in this study. All statistical tests were
two tailed and conducted at a 5% level of signiﬁcance. Inter-
nal consistency reliability was assessed using Cronbach’s
alpha and testeretest reliability using intraclass correlation
coefﬁcients (ICC) (one-way random effects model)15. Cron-
bach’s alpha 0.7 is generally regarded as acceptable for
group comparisons, and 0.9 for individual comparisons,
while an ICC 0.7 is considered acceptable for testeretest
reliability15. Dimensionality was assessed using item-to-
domain correlations (corrected for overlap) for which Spear-
man’s rank correlation (r) between domain scores and their
constituent items with r 0.4 is considered acceptable16.
Construct validity was assessed using Spearman’s rank
correlations to determine the association of KOOS and
SF-36 domains based on the literature14, and EQ-5D do-
mains based on clinical experience. As recommended in
the literature, correlation coefﬁcients of >0.50, 0.35e0.50,
and <0.35 were considered strong, moderate, and weak,
respectively17. Thus, 14 a priori hypotheses were generated
for convergent construct validity where moderate to strong
correlations (i.e., correlation coefﬁcient 0.35) were ex-
pected between domains measuring similar constructs,
namely (1) KOOS pain and symptoms with SF-36 bodily
pain and EQ-5D pain/discomfort; (2) KOOS ADL with SF-
36 physical functioning, EQ-5D mobility and usual activities;
(3) KOOS sport and recreation function with SF-36 bodily
pain; and (4) KOOS QoL with SF-36 physical functioning,
bodily pain, and social functioning and EQ-5D mobility,
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potheses were generated for divergent construct validity
where weak correlations were expected between domains
measuring dissimilar constructs, namely (1) all KOOS do-
mains with SF-36 mental health and EQ-5D anxiety/depres-
sion; and (2) KOOS pain, symptoms, and sport and
recreation function with SF-36 social functioning.
Results
CROSS-CULTURAL ADAPTATION
The Singapore English KOOS is identical to its source
version with the exception of two items. Four of ﬁve
English-speaking subjects participating in the cognitive de-
brieﬁng reported that item 2 in the symptoms domain, ‘‘do
you feel grinding, hear clicking or any other noise when
your knee moves?’’, was difﬁcult to understand as both
‘‘grinding’’ and ‘‘clicking’’ were not felt to be commonly
used terms. Based on subjects’ suggestions, this item
was thus revised as ‘‘do you feel grinding/friction, hear click-
ing/cracking or any other noise when your knee moves?’’.
The third item in the same domain: ‘‘does your knee catch
or hang up when moving?’’ was not clearly understood by
all ﬁve English-speaking subjects and was thus revised to
‘‘does your knee jam or lock when moving?’’. The Singa-
pore Chinese KOOS was well understood by subjects par-
ticipating in the cognitive debrieﬁng and no further changes
were deemed necessary. Both English and Chinese ver-
sions of the KOOS were well accepted in pilot testing and
were thus used in the subsequent validation study.
VALIDATION STUDY
Subject characteristics and KOOS scores
Subjects included 127 English-speaking and 131
Chinese-speaking subjects with knee OA, of whom 47
English-speaking and 55 Chinese-speaking subjects com-
pleted retest interviews after a median of 6 days. Character-
istics of these subjects in each language group are shown in
Table I. The mean age of the subjects was 66 years with the
majority of being female (83%), ethnic Chinese (89%), with
a mean duration of OA of approximately 6 years.There were no missing data for any KOOS item. English
and Chinese versions had similar distributions with minimal
ﬂoor and ceiling effects, with the exception of the sport and
recreation function domain (Table II), where 85 English and
96 Chinese-speaking subjects reported the lowest possible
score for this domain.
Table I
Characteristics of subjects completing the Singapore English and
Chinese KOOS
n (%) unless stated
English
(n¼ 127)
Chinese
(n¼ 131)
Mean (SD), age (years) 65.3 (7.9) 67.8 (7.1)
Female 97 (76.4) 116 (88.5)
Ethnicity
Chinese 99 (78.0) 131 (100)
Malay 10 (7.9) 0 (0)
Indian 14 (11.0) 0 (0)
Others 4 (3.1) 0 (0)
Years of education
No formal education 34 (26.8) 73 (55.7)
1e6 44 (34.6) 41 (31.3)
7e10 33 (26.0) 13 (9.9)
>10 12 (9.4) 2 (1.6)
Married 113 (89.0) 122 (93.1)
Retirees/homemakers 103 (81.1) 119 (90.8)
Mean (SD), body
mass index
28.6 (5.4) 27.8 (3.9)
Presence of chronic
medical conditions*
87 (68.5) 89 (67.9)
Mean (SD), duration of OA
(years)
5.9 (5.6) 6.1 (4.7)
Knee scheduled for surgery
Right 75 (59.1) 74 (56.5)
Left 50 (39.4) 56 (42.7)
Both 2 (1.6) 1 (0.8)
*Chronic medical conditions included hypertension (n¼ 143),
back pain (n¼ 37), hyperlipidemia (n¼ 36), diabetes mellitus
(n¼ 29), rheumatoid arthritis (n¼ 27), cardiovascular (n¼ 11) or re-
spiratory diseases (n¼ 5) and other conditions (n¼ 14, including
peptic ulcer disease, anemia, depression, osteoporosis, cancer
and asthma).Table II
Distributions and reliability of KOOS scores*
KOOS domains Mean (SD) Median
(interquartile range)
Percent at
ﬂoor/ceiling
a Testeretest
ICCy
Singapore English Version (n¼ 127)
Pain 57.0 (16.0) 58.3 (47.2,66.7) 0/0 0.79 0.88
Symptoms 59.8 (19.1) 60.7 (46.4,75.0) 0/0 0.70 0.87
ADL 60.8 (16.9) 64.7 (51.5,73.5) 0/0 0.92 0.91
Sport and recreation function 6.6 (12.2) 0.0 (0.0,10.0) 66.9/0 0.89 0.65
Knee-related QoL 39.6 (18.8) 43.8 (25.0,50.0) 3.1/0 0.74 0.86
Singapore Chinese Version (n¼ 131)
Pain 57.3 (12.9) 58.3 (50.0,66.7) 0/0 0.65 0.87
Symptoms 63.2 (17.8) 64.3 (50.0,75.0) 0/1.5 0.64 0.85
ADL 62.2 (13.0) 61.8 (54.4,72.1) 0/0 0.82 0.84
Sport and recreation function 4.8 (9.4) 0.0 (0.0,5.0) 73.3/0 0.88 0.78
Knee-related QoL 42.9 (19.4) 43.8 (25.0,56.3) 0/1.5 0.71 0.60
SD: standard deviation; a: Cronbach’s alpha; ICC: intraclass correlation coefﬁcient; ADL: activities of daily living; QoL: quality of life.
*Scores for all domains range from 0 to 100, with higher scores indicating worse HRQoL.
yMedian (interquartile range) testeretest interval was 6 (5e6) days.
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Item-to-domain correlations for the Singapore English and Chinese
KOOS
KOOS domains
and items
English
(n¼ 127)
Chinese
(n¼ 131)
Pain
How often do you experience knee pain 0.34* 0.22*
Twisting/pivoting on your knee 0.24* 0.12*
Straightening knee fully 0.55 0.51
Bending knee fully 0.42 0.30*
Walking on ﬂat surface 0.48 0.42
Going up or down stairs 0.61 0.42
At night while in bed 0.40 0.44
Sitting or lying 0.48 0.30*
Standing upright 0.46 0.33*
Symptoms
Do you have swelling in your knee 0.45 0.32*
Do you feel grinding/friction, hear
clicking/cracking or any other type
of noise when your knee moves
0.16* 0.14*
Does your knee jam or lock when moving 0.41 0.43
Can you straighten your knee fully 0.57 0.48
Can you bend your knee fully 0.34* 0.40
How severe is your knee joint stiffness
after ﬁrst wakening in the morning
0.47 0.23*
How severe is your knee stiffness after
sitting, lying or resting later in the day
0.56 0.52
ADL
Descending stairs 0.67 0.63
Ascending stairs 0.66 0.63
Rising from sitting 0.69 0.55
Standing 0.66 0.44
Bending to ﬂoor/pick up an object 0.53 0.43
Walking on ﬂat surface 0.64 0.45
Getting in/out of car 0.66 0.59
Going shopping 0.55 0.62
Putting on socks/stockings 0.67 0.48
Rising from bed 0.66 0.44
Taking off socks/stockings 0.65 0.40
Lying in bed 0.43 0.40
Getting in/out of bath 0.52 0.37*
Sitting 0.41 0.17*
Getting on/off toilet 0.42 0.25*
Heavy domestic duties 0.43 0.30*
Light domestic duties 0.57 0.40
Sport and recreation function
Squatting 0.74 0.70
Running 0.71 0.82
Jumping 0.78 0.79
Twisting/pivoting on
your injured knee
0.75 0.74
Kneeling 0.59 0.62
Knee-related QoL
How often are you aware of
your knee problem
0.43 0.36*
Have you modiﬁed your life style to
avoid potentially damaging activities
to your knee
0.67 0.55
How much are you troubled
with lack of conﬁdence
in your knee
0.55 0.68
In general, how much difﬁculty do you
have with your knee
0.67 0.55
Correlations were negative as higher item scores reﬂect lower
QoL, while higher domain scores reﬂect higher QoL.
*Indicates an item-to-domain correlation less than 0.40.Assessment of psychometric properties
Internal consistency was acceptable with Cronbach’s al-
pha exceeding the value of 0.70 recommended for group
comparisons for all domains in the English version, and
three of ﬁve domains in the Chinese version. The Chinese
KOOS pain and symptoms domains had scores of 0.65
and 0.64, respectively, which were marginally below the
cutoff value of 0.70. Testeretest reliability was acceptable
with the ICC exceeding the value of 0.70 for four of ﬁve do-
mains in both versions, with the exception of the English
sports and recreation function and the Chinese knee-
related QoL domains, respectively.
Dimensionality was acceptable, with item-to-domain cor-
relations exceeding 0.40 for all KOOS items with the excep-
tion of four English and 13 Chinese version items (Table III).
Of items with coefﬁcients below the cutoff value, two pain
and one symptoms item were found in both versions, with
the remainder differing between versions (Table III).
Construct validity was supported by the data, as summa-
rized in Table IV. Convergent construct validity was demon-
strated by the presence of moderate to strong correlations
for 13 and 11 of 14 a priori hypotheses for the English
and Chinese versions, respectively. Among the hypothe-
ses, which were not supported, correlation coefﬁcients for
the remaining one hypothesis for the English version and
two hypotheses for the Chinese version were marginally be-
low the cutoff value of 0.35 (Table IV). Divergent construct
validity was supported by the presence of weak correlations
for 12 and 11 of 13 a priori hypotheses for the English and
Chinese versions, respectively. Again, among the hypothe-
ses, which were not supported, correlation coefﬁcients for
the one hypothesis for both versions marginally exceeded
the cutoff value of 0.35 (Table IV).
Discussion
In this study, the cross-culturally adapted Singapore En-
glish and Chinese versions of the KOOS were well ac-
cepted and demonstrated acceptable psychometric
properties (including good construct validity) in a multieth-
nic urban population of Asian patients with knee OA in
Singapore. This suggests that both versions are reliable
and valid HRQoL measures in patients with knee OA in
this socio-cultural context. These ﬁndings are important
for several reasons. First, to the best of our knowledge,
this is one of the ﬁrst studies adapting and validating
the English and Chinese KOOS in Asia, and suggests
that this instrument, which assesses many domains and
items of importance for patients with OA in several so-
cio-cultural contexts, is well accepted and valid for use
in at least one Asian socio-cultural context. Second, the
Chinese version showed similar acceptability and psycho-
metric properties to the English version. This is encourag-
ing as Chinese is a pictogram based language, which
differs signiﬁcantly from the alphabet based languages in
which the KOOS was developed. Third, the good patient
acceptance, psychometric properties, and construct valid-
ity of these two versions of the KOOS in Singapore sug-
gest that these and other language versions of the
KOOS could be valid in other Asian socio-cultural contexts
and languages.
Psychometric properties of both Singapore English and
Chinese KOOS versions were generally similar to those
seen with the original KOOS. Cronbach’s alpha and
ICC values demonstrated that both versions are generally
reliable for group comparisons15,18 and were comparable
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Construct validity: correlations between the Singapore English and Chinese KOOS and SF-36 and EQ-5D scores*
Pain Symptoms ADL Sport/recreation QoL
Singapore English KOOS (n¼ 127)
English SF-36
Physical functioning 0.50 0.40 0.65 0.47 0.56
Role-physical 0.23 0.21 0.33 0.25 0.32
Bodily pain 0.37 0.44 0.38 0.31 0.37
General health 0.08 0.10 0.17 0.03 0.07
Vitality 0.22 0.22 0.27 0.11 0.23
Social functioning 0.29 0.36 0.42 0.30 0.46
Role-emotional 0.01 0.14 0.10 0.06 0.12
Mental health L0.05 0.23 0.14 L0.02 0.13
English EQ-5D
Mobility 0.45 0.22 L0.48 0.42 L0.45
Self-care 0.25 0.07 0.36 0.12 0.18
Usual activities 0.46 0.28 L0.60 0.38 L0.54
Pain/discomfort L0.61 L0.60 0.50 0.35 L0.50
Anxiety/depression L0.11 L0.25 L0.29 L0.17 L0.34
Singapore Chinese KOOS (n¼ 131)
Chinese SF-36
Physical functioning 0.48 0.31 0.64 0.24 0.41
Role-physical 0.23 0.18 0.36 0.10 0.34
Bodily pain 0.31 0.43 0.14 L0.04 0.38
General health 0.23 0.27 0.23 0.06 0.28
Vitality 0.26 0.31 0.31 0.01 0.35
Social functioning 0.27 0.43 0.31 0.01 0.58
Role-emotional 0.13 0.17 0.33 0.01 0.18
Mental health 0.30 0.29 0.32 L0.03 0.35
Chinese EQ-5D
Mobility 0.45 0.22 L0.47 0.12 L0.33
Self-care 0.34 0.37 0.39 0.02 0.35
Usual activities 0.45 0.21 L0.33 0.06 L0.37
Pain/discomfort L0.49 L0.54 0.38 0.18 L0.59
Anxiety/depression L0.30 L0.14 L0.25 L0.11 L0.28
*A priori hypotheses are shown for convergent construct validity (bold) and divergent construct validity (bold italics). Hypotheses which were
supported are underlined.with the original KOOS3,14, despite the fact that different
modes of administration were used for test (face to face
interview) and retest (telephone interview) assessments,
which would be expected to slightly reduce the values
of Cronbach’s alpha and ICC. Similarly, dimensionality
was generally supported as the item-to-domain correla-
tions were generally as expected, more so for the English
than the Chinese version (in which more items in the
symptoms and ADL domains correlated weakly with their
hypothesized domains (r¼ 0.12e0.37)). Convergent con-
struct validity was strongly supported by the presence
of hypothesized moderate to strong correlations between
the domains in the KOOS, SF-36 and EQ-5D, which
measured similar constructs. However, the sport and rec-
reation function domain in both versions did not correlate
with SF-36 bodily pain domain as hypothesized. This is
likely to reﬂect the ﬂoor effect seen with scores for this
domain, which in turn is a reﬂection of the study popula-
tion (elderly subjects scheduled for knee replacement sur-
gery). Similarly, divergent construct validity was also
strongly supported as most a priori hypotheses were sup-
ported in this study. Of note, the symptoms domain in
both versions correlated moderately with SF-36 social
functioning, rather than weakly as seen in the original
KOOS validation study14. This may be related to socio-
cultural differences, as we have previously shown that
some Asian OA patients in Singapore have reported that
the impact of OA on social health is important to them6.The performance of individual domains within the same
language version varied to a certain degree. Internal consis-
tency was best for the ADL domain in the English version
and the sport and recreation function domain in the Chinese
version, and worst for the symptoms domain in both ver-
sions. Testeretest reliability was best for the ADL and
pain domains in the English and Chinese versions, respec-
tively, and worst for the sport and recreation function and
knee-related QoL domains in these versions, respectively.
Construct validity was best for the symptoms domain and
worst for the sport and recreation function domain in both
versions.
We recognize several limitations of this study. First, the
unavailability of severity data based on clinical and labora-
tory evidences19 for participating subjects did not allow the
assessment of KOOS scores graded by OA severity, which
might have some impact on the performance of both ver-
sions of the KOOS. Second, subjects in the present study
may not represent the entire spectrum of patients with
knee OA as they were recruited from a tertiary hospital
and were scheduled for TKR, and thus are likely to have
more severe OA. This is reﬂected in the signiﬁcant ﬂoor
effect and lower construct validity observed for the sport
and recreation function domain, which was originally de-
signed for younger and more physically active patients
with knee injuries or knee OA. Notably, a signiﬁcant ﬂoor ef-
fect in this domain was also observed in the original KOOS
study3.
1103Osteoarthritis and Cartilage Vol. 14, No. 11In conclusion, we found that Singapore English and
Chinese versions of the KOOS were well accepted and
demonstrated acceptable psychometric properties in a mul-
tiethnic urban population of Asian patients with knee OA in
Singapore. This study provides a basis for the use of these
versions of the KOOS in Singapore and supports the need
for future studies using these instruments in Singapore and
other Asian countries.
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